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- JP6057396 A 19940301 

- FORMATION OF HEAT INSULATING THERMALLY SPRAYED 
LAYER 

- PURPOSEiTo easily obtain a heat insulating thermally sprayed 
layer which Is uniform, has a high porosity and excellent in the 
thermal insulation property and, further, to improve the adhesive 
strength of the boundary between a base layer and the heat 
insulating thermally sprayed layer and the oxidation resistance, as 
well. 

- CONSTITUTipN:The base layer! 1 is formed on a base material 10 
and the thermally sprayed layer 12 of fine ceramic powders 
excellent In the thermal insulation property is formed thereon and 
further, powders mixed with the ceramic powders excellent in the 
thennal insulation property and a specific amount of Si3N4 powders 
is melt-sprayed to form the thermally sprayed layer 13 having a high 
porosity. The Si3N4 powders in the mixed powders are heated to a 
high temperature in the plasma-thermal spraying process and then 
gasified. Consequently, many porosities remain in the thermally 
sprayed layer 13 formed in the above-mentioned manner 
developing the thermally sprayed layer having a high porosity and 
excellent in the thermal insulation property. On the other hand, 
since the thermally sprayed layer 12 is dense, it tightly adheres to 
the base layer 11 and excellent in resistance to oxidatton, as well. 
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Ti - Formation of heat insulating thermal sprayed layer - by forming a 
substrate later on a matrix, forming a dense thermal sprayed layer 
of ceramic powder and forming a high porosity thermal sprayed 
water 

AB - J06057396 The layer is fomned by forming a substrate layer on a 
matrix; forming a dense thermal sprayed layer of ceramic powder 
with good heat insulation, on the substrate layer, and forming a high 
porosity thermal sprayed layer by spraying mixed powder of ceramic 
powder with good heat resistance and a given ami of SBN4 
powder. 

- USE/ADVANTAGE - Used for heat insulation of the top of piston of 
' : engines or the inside of exhausting members. (DwgO/1) 
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CLAIMS 



[Claim(s)] 

[Claim 1] The formation method of the thennal-banier-spraying layer which carries out thermal 
spraying of the mixed-powder end excellent in adiathermancy of ceramic powder and Si3N4 powder 
of the specified quantity on a base material, and is characterized by formmg a fhermal-spraying layer 
with high porosity . 

[Claim 2] The formation method of the therraal-banier-spraying layer which forms the precise 
them[ial'SprayiQg layer of the c^mnic powder excellent in adia^ermancy on a base material, carries 
out thermal spraying of the mixed-powder end of ceramic powder and Si3N4 powder of the specified 
quantity it excelled on this at adiathermancy, and is characterized by forming a thermal-spraying 
layer with high porosity. 

[Claim 3] The formation method of the thermal-barrier-spraying layer according to claim 1 or 2 
characterized by the mixed-powder end excellent in adiathermancy of ceramic powder and Si3N4 
powder of the specified quantity being gii^ ' " " 

[Claim 4] The ceramic powder excellent in adiathermancy is the formation method of the fhermal- 
banier-spraying layer according to claim 1 to 3 dbaracierized by the bird clapper from ZrO 2 
andY203. 
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NOTICES * 

Japan Patent Office is not responsible for any 
daaages ca«»ad by the use of this translation. 

l.This document has been translated by computer. So die 

precisely. , 
2 **** shows the word which can not be translated. 

3.1a the drawings, any words are not translated. 

DETAILED DESCRIPTION 
[Detailed Description of the Invention] 

Sial AppUcation] lie method of this invention cairying out thermal spraying of ^ ceranuc 
Sw^wMch was excinent in adiatheimancy on the surface of the base maternl, and f oimmg a 
nirf WerXaying layer - being related - especially - the piston aownmg of an engme. and 
SS^yS^^t is related with the formation method of a themal-bamer-spraymg layer of 
Wing been suitable for insulating the interior of a member 

^^^lic^ of fee Prior Art] m order to fonn a thennai-barrier-spraying layer in a piston crowning 
,^^S^^m?e^ temp^<^ of the combustion chamber at the time of engme st^ at an early 
r^^r to^ve^rS-f the exhaust temperature atthe time of engine startmg sr^^ 
T^i^^ ^cation efficiency of a catalyst » the member of an exhaust air system - fbnmng a 
♦hprnial-hamer-soravinE layer in an mside is known conventionally ^ , . 

SwS foSSis Lmal-bamer-spraying layer, first, the ground layer for fee mj^v«n^t 
[OOCBJ V laver^ is formed in a base-material firont face, and, subsequently 

I S?o1 ^^der of excell^it ^2 grade is «^ed o.t I.u. 

flie fomied feeimal-spraying layer has pore detailed mside as everyone knows, and fee 
flfUatbermancv ability is excellent, so feat porosity is high- . . ^ ^ , 

3e^^% of a feeimal-spraying layer is adjusted by fee ^am s,^ of^^m 
Sr when <kteiled powder is used, fee feermal-spraying layer m which poroaty is mfenor to 

compar^vely low is formed, and conversely, when fee powd^ of coarse gram is 
•■ W ^Siat^^^ layer porosity excelled [ layer ] in adiafeermancy highly is formed 
■ '^e^^J^ w^r cxSse ^ain was used, it was difficult hx fee thermal-^aymg layer to 
SS^STunifomiy, and it was difficult to obtain fee feetmal-spraymg lay^r of fee high 

... a^4"^i'wdS°^'^P^^^ 

. S sm^sTiied out base materidon fee conditions on which fee powder of coarse gram 
^^xTfosl tTSd of mixed powder completely . and fee mefeod of obtain^ 

SS^r^S^ porosity I indicated by n>,63-161150A. However, sekcfc^ f ^ f ?^ ^ 
S^ScUderTd a setup of spray condition are difficult for feismefeod. ^ ^° ^ 
mo^powdS^of coarse grain not to fuse, it has fee difficulty feat fee adhesion of particles tends to 

STp^SSe, in fee conventional feennal-bairier-spraymg layer, wh^raising adiafeermancy 
S SSS^^ty high utterly, feere was also a trouble feat fee adhesion of a ^uad iayer- 
thei^Wer-s^^g layer interface and oxidation-iesistant aggravation genei^^ 

avoided. 

S«"(s) to be Solved by fee Invention] hi view of fee trouble of fee ^^^'^^^ 
conventional technology, this invention sets it as one purpose to obtam easily the feermal-bamCT- 
ZSCer^S exceUent in adiafeemiancy ability wife uniform and high porosity .and sets 

purpose furfeer to improve fee adhesion of a ground layer-thermal-bamer-spraymg 
layer intraface, and oxidation resistance. 
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[0008] 

[Means for Solving the Problem] Then, it carries out thennal spraying of tiie mixed-powder end 
excellent in adiathermancy of ceramic powder and Si3N4 powder of the specified quantity on a base 
material, the formation mediod of the thermal-barrier-spraymg layer in connection with tins 
invention is characterized by forming a diermal-spraying layer with high porosity, and after forming 
the precise themial-spraying layer of the ceramic powder excellent in adiathermancy on a base 
notorial preferably, it is characterized by forming a thermal-spraying layer with the above- 
mentioned high porosity. Moreover, in this invention, it is desirable to use ceramic powder and 
Si3N4 powd&: of the specified quantity excellent in adiathermancy as granulation powder, and to 
cany out thermal spraying of this. 

[0009] Although the ceramic which makes Zr02 or Zr02 a subject, and contains Y203 as an 
assistant as a ceramic excellent in the adiathamancy set as the object of this invention is suitable, 
other ceramics used as aluminum203 grade and a thermal spray material can be used. In addition, in 
the method of this invention, the high thermal-spraying layer or the jKiecise thermal-spraying layer of 
. porosity can also be directly formed on a base material, and can also be formed through ground . 
layers, such as for example, a nickel-Cr layer 
[0010] 

[Function] First, heating at high temperature of this invention is carried out in a thermal-spraying 
process according [ Si3N4 powder in the end of mixed powder ] to a plasma metal spray etc., and the 
/ phenomenon to gasify is used Smce Si3N4 powder gasifies, much pores can remain in the thermal- 
spraying layer formed on tihe base material, and porosity can form easily the themial-spraying layer 
. which was highly excellent in adiadieimancy. 
[0011] By the way, although it is necessary to distribute Si3N4 powd^ unifonnly m the flow in the 
end of mixed powder supplied in order for pore to obtain the thermal-spraying layer distributed 
uniformly, when the grain size in the end of mixed powder differs greatly, it is difficult in many 
cases. Moreover, when the grain size of the powder supplied is small to remainder, it may be 
difficult to obtain the thermal-spraying layer over which a powdered flow is not stabilized but pore is 
distributed unifonnly. Then, in dais invention, in order to obtain a more uoiifonn pore distribution, 
the end of mixed powder was used as granulation powder, and it carried out to distributing Si3N4 
powder uniformly in granulation powder. In this case, when there is no hmit especially in the grain 
size of the ceramic powder excellent in adiathemaancy, and Si3N4 powder, for example, Si3N4 
detailed powder is used, detailed pore can obtain the thermal-spraying layer distributed uriiformly. 
[0012] In this invention, the porosity of a thermal-spraying layer is adjusted with the addition of 
Si3N4 powder in the end of mixed powder, and the desirable addition range is 5 - 15 % of the 
) weight That is, if there is not effect sufificient at less than 5% for pore formation and 15% is 
exceeded, while pore will make it big and rough, it is to continuation-become easy toize and for the 
adhesion of an interface with a ground layer or a precise thermal-spraymg layer to get worse, 
[00 1 3] By above-mentioned being within the limits and adding Si3N4 powd^, the porosity of a 
j thermal-spraying layer can be made into about 10 - 25%, and a thermal-spraying layer with high 
porosity with high adiathermancy ability can be obtained. In addition, even if die porosity of the 
thenoQal-spraymg layer when not adding Si3N4 powder is high, it is only about 5 - 10%. Aldiough 
the graph of 8%Y203-92% ZrQ2 of thermal conductivity and porosity is shown in drawing 2 as one 
example, in the porosity range acquired by this mvKttion, thermal conductivity is still smaller and it 
turns out that adiathermancy is excellent 

[0014] furthermore, the time of forming a diermal-spraying layer with the above-mentioned high 
porosity, after forming die precise thermal-spraymg layer of the ceramic powder excellent in 
adiathermancy on a base material.in this invention - diis - since a precise thermal-spraying layer is 
excell^it in the adhesion of a base material (or ground layer) and an interface and excellent also in 
oxidation resistance, it can obtain the thermal-barrier-spraying layer which has the special feature 
which was excellent in both as a whole 
[0015] 

[Example] Hereafter, one at the time of forming a thermal-barriCT-spraying layer on a base material 
using die method of this invention of a manufacturing process is explained with lefaence to the 
block diagram shown in drawing 3 . (1) Fkst, using cast kon (FCD500) as a base material, use 
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solvents, such as (2) acetones, and it is shot blasting about washing, degreasing, and (3) base- 
material front face. Abrasive is the alumina particle of 40-50 meshes of grain size, and is 2 4kg 
[/cm ] blast **, (4) Foim the ground layer of 30-micrometer ** on a base material by the plasma 
metal spray. A thermal spray material is in the 80nickel-20Cr alloy-powder end of 10-45-micrometer 
particle size. (5) Fonn the precise thermal-spraying layer of 200-micrometer ** on a ground layer by 
the plasma metal spray. A thermal spray material is 8% Y203-92%Zr02 powder with a particle si2;e 
of 5-35 micrometers. (6) Form a thranal-spraying layer with the high porosity of 300-micrometer ** 
by the plasma metal spray. A fhennal spray material is granulation powder (refer to drawing 4 ) with 
a particle size of 10-45 micrometers which blended Si3N4 powder with a particle size of 2 
micrometers or less 10%, and carried out mixing granulation to 8%y203-92%Zr02 powder with a 
particle size of 5 microir^ters or less. 

[0016] The cross section of the thermal-barrier- spraying layer formed of the above-mentioned 
process is shown in drawing 1 . Accordiog to drawing 1 , the ground layer 11 is formed on abase 
material 10, and the thermal-spraying layer 13 witii high porosity is formed on it on it at ifae precise 
theimal-spraying layer 12 and the pan. It is the pore which p shows. As shown here, the porosity of 
the thermal-spraying layer 12 is small, and since Si3N4 gasified and dispersed, the porosity of the 
thermal-spraying layer 13 is high. Since die thermal-banier-spraying layer 14 in this example 
consists of two-layer [ of die precise thermal-spraying layer 12 and the thermal- spraying layer 13 
with high porosity ], while its adiabatic efficiency is high, its adhesion with the ground layer 2 is 
good, and it has the properly that oxidation resistance is also high 

[0017] With reference to block drawing 3 with one same process, it explains conventionally for 
comparison. A different point from the above-mentioned example is a point which formed about 
500-micrometer thennal-spraying layer on the ground layer by (7) plasma metal sprays instead of the 
above (5) and the process of (6). The grain size of 8%Y203-92%Zr02 used powder is also large 
with 45-100 micrometers. The cross section of the thermal-barrier-spraying layer formed of the 
process conventionally [ this ] is shown in drawings . Although the thermal-banier-spraying layer 
15 is fonned on the ground layer 11, smce ihe porosity is not enough compared wifli the thermal- 
spraying layer 13 of the above-mentioned example, it is inferior to adiathennancy, and since porosity 
is conversely large compared with the themial-spraying layer 12 of the above-mentioned example, it 
is inferior to adhesion with the ground layer 11, and oxidation resistance, 
[0018] 

[Effect of the Invention] When the thermal-spraying layer of high porosity is fonned after according 
to this invention being able to obtain easily the thermal-banier-spraying layer which was excellent in 
adiathermancy ability with unif omi and high porosity and fonnmg. the still more precise thermal- 
spraying l^yer on the base, the.thermal-banier-spraymg layer improved also about adhesion with a 
base or a ground layer and oxidation resistance can be obtained 
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Drawing selection | drawing 5 
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